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TITLE OF THE INVENTION 
ELECTRODE CONTACT SECTION OF SEMICONDUCTOR DEVICE 
CROSS-REFERENCE TO RELATED APPLICATIONS 
This application is based upon and claims the 
5 benefit of priority from the prior Japanese Patent 

Application No. 2000-141914, filed May 15, 2000, the 
entire contents of which are incorporated herein by 
reference . 

i'I BACKGROUND OF THE INVENTION 

h3 

ijg 10 The present invention relates to an electrode 

1.1 
I.J 



contact section incorporated in a semiconductor device. 



llfj <\In the prior art, en electrode section 

incorporate£Kg_n a semiconductor device is formed of an 
impurity layer prov^bsl^d in a semiconductor layer, and 



15 an electrode (made of, f or ^&5$^nple, a metal such as 

; x ^" aluminum) that is in contact with trTfe^impurity layer. 

The impurity layer is often formed by ion implantation 
for the purpose of low cost 

In the electrode contact section, it is important 
20 to reduce the contact resistance of the electrode and 

the impurity layer. To reduce the contact resistance, 
the concentration of an impurity in the impurity layer 
is generally increased. 

However, when forming an impurity layer by ion 
25 implantation, the concentration profile of the impurity 

layer shows a curved line with a peak. The impurity 
concentration of a surface portion of the semiconductor 



layer is lower than a peak concentration assumed at an 
inner portion thereof. In particular, in a 
longitudinal power device such as an IGBT, there is a 
case where a MOS structure is provided at one surface 
of a semiconductor layer, and an impurity layer is 
provided at the other surface thereof. In this case, 
the impurity layer at the other surface of the 
semiconductor layer cannot be annealed at a high 
temperature for a long time, with the result that the 
difference between the peak concentration and the 
surface concentration of the impurity layer is. 
increased, and hence the contact resistance cannot 
sufficiently be reduced. 

Further, in an IGBT (Insulated Gate Bipolar 
Transistor) as shown in FIG. 1, for example, it is 
necessary to reduce the contact resistance of an 
electrode contact section (a contact section between 
the impurity layer 2 and an anode layer 3), and also to 
quickly prevent carrier injection from an impurity 
layer (p + -type emitter layer) 2 to an n + -type base 
layer 1 when turning off the semiconductor device, in 
order to turn off the device at high speed. 

However, to reduce the contact resistance at the 
electrode contact section, it is necessary to increase 
the impurity concentration of the impurity layer 2. On 
the other hand, to quickly turn off the semiconductor 
device, it is necessary to reduce the impurity 
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concentration of the impurity layer 2, and also to make 
the impurity layer 2 shallow so as to reduce the 
coefficient of carrier injection from the impurity 
layer 2 to the n + -type base layer 1. 
5 In other words, concerning the impurity 

concentration of the impurity layer 2 at the electrode 
contact section, a reduction of the contact resistance 
and an increase of the speed of the turn-off of the 
semiconductor device (i.e. a reduction of the carrier 
10 injection coefficient) is a tradeoff relationship. 

Accordingly, these two purposes cannot be satisfied 
simultaneously . 

BRIEF SUMMARY OF THE INVENTION 



The present invention has been may provided an 
electrodec^Fii^ct section of a sufficiently low contact 
resistance even when^b^iing an impurity layer by ion 
implantation. The invention n^Ss^een may provided an 
electrode contact section in which the^^^ntact 
resistance and the carrier injection coef fici^h^can 
20 simultaneously be reduced. 




According to an aspect of the invention, there is 
provided an electrode contact section incorporated in a 
semiconductor device, comprising: a first-conductivity- 
type semiconductor substrate; a second-conductivity- 
25 type impurity layer formed in one surface of the 

semiconductor substrate and having a thickness of not 
more than 1.0 jum from a surface of the semiconductor 



substrate; a second-conductivity-type contact layer 
formed in the impurity layer and having a thickness of 
not more than 0.2 jum from the surface of the 
semiconductor substrate, the contact layer being 
thinner than the impurity layer and having a higher 
impurity concentration than the impurity layer; and a 
first electrode formed on the contact layer. 

According to another aspect of the invention, 
there is provided an electrode contact section 
incorporated in a semiconductor device, comprising: a 
first-conductivity-type semiconductor substrate; a 
second-conductivity-type impurity layer formed in one 
surface of the semiconductor substrate; a second- 
conductivity-type contact layer formed in the impurity 
layer, being thinner than the impurity layer and having 
a higher impurity concentration than the impurity 
layer; a first electrode formed on the contact layer; 
and a silicide layer formed between the first electrode 
and the contact layer, the silicide layer having a 
contact-layer-side end thereof made to substantially 
correspond to that portion of the contact layer, at 
which a concentration profile of the contact layer 
assumes a peak value. 

Additional objects and advantages of the invention 
will be set forth in the description which follows, and 
in part will be obvious from the description, or may be 
learned by practice of the invention. The objects and 



advantages of the invention may be realized and 
obtained by means of the instrumentalities and 
combinations particularly pointed out hereinafter. 
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

The accompanying drawings, which are incorporated 
in and constitute a part of the specification, 
illustrate presently preferred embodiments of the 
invention, and together with the general description 
given above and the detailed description of the 
preferred embodiments given below, serve to explain the 
principles of the invention. 

FIG. 1 is a sectional view illustrating an IGBT to 
which the present invention is applied; 

FIG. 2 is a view illustrating an electrode contact 
section incorporated as an example in a semiconductor 
device according to the invention; 

FIG. 3 is a view illustrating an electrode contact 
section incorporated as a second example in a 
semiconductor device according to the invention; 

FIG. 4 is a sectional view illustrating an IGBT to 
which the present invention is applied; 

FIG. 5 is a sectional view illustrating an IGBT 
structure as a first example according to the 
invention; 

FIG. 6 is a sectional view illustrating an IGBT 
structure as a second example according to the 
invention; 



FIG. 7 is a sectional view illustrating an IGBT to 
which the present invention is applied; 

FIG. 8 is a sectional view illustrating an IGBT 
structure as a third example according to the 
invention; 

FIG. 9 is a sectional view illustrating an IGBT 
structure as a fourth example according to the 
invention; 

FIG. 10 is a sectional view illustrating an IGBT 
to which the present invention is applied; 

FIG. 11 is a sectional view illustrating an IGBT 
structure as a fifth example according to the 
invention; 

FIG. 12 is a sectional view illustrating an IGBT 
structure as a sixth example according to the 
invention; and 

FIG. 13 is a graph illustrating the 
characteristics of an IGBT according to the invention. 
DETAILED DESCRIPTION OF THE INVENTION 

Electrode contact sections each incorporated in a 
semiconductor device according to the present invention 
will be described in detail with reference to the 
accompanying drawings . 

[A] First Electrode Contact Section 

FIG. 2 shows an electrode contact section 
incorporated as an example in a semiconductor device 
according to the invention. 
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As shown, a p-type impurity layer 2 is formed in 
l-type semiconductor substrate 1. The n-type 
semiconductor layer 1 contains an n-type impurity such 
as phosphor (P) with a substantially constant 
concentratio^of approx. 10^4 ions/cm^. The p-type 
impurity layer 2 >s formed in a surface area of the 
semiconductor substr^e 1 and contains a p-type 
impurity such as boron (B%, The depth of the p-type 
□ impurity layer 2 from the surS^ce of the semiconductor 

CQ 10 substrate 1 is set at 1.0 iim or l^*§s, for example, 

in 

i ( y approx. 0.8 /im. Further, the peak valN^ of the 

ijfj concentration profile of the p-type impurii?Wlayer 2 



is set at a value falling within the range of 



.7 _ 



j'fl 10^-8 ions/cm^. 



15 A p + -type contact layer 4 is formed in the p-type 

It f3 

Q 



impurity layer 2, and an electrode 3 is formed on the 
p + -type contact layer 4 . The p + -type contact layer 4 
is thus interposed between the p-type impurity layer 2 
and the electrode 3 and has a higher impurity 
20 concentration than the p-type impurity layer 2. For 

example, the p + -type contact layer 4 contains a p-type 
impurity such as boron (B) or boron fluoride (BF2 ) / 
etc., and has an impurity concentration peak value of 
ions/cm^ or more and a surface impurity 
25 concentration of lO^ ions/cm^ or more. The depth of 

the p + -type contact layer 4 from the surface of the 
semiconductor substrate 1 is set at 0.2 /zm or less, for 



example, approx. 0.16 jam. The electrode 3 is formed of, 
for example, aluminum. 

In the above-described electrode contact structure, 
the p-type impurity layer 2 has a low impurity 
concentration, and a sufficiently shallow depth of 
1.0 //m or less from the surface of the semiconductor 
substrate 1. Accordingly, when this electrode contact 
structure is applied to the collector (anode) electrode 
of an IGBT, the coefficient of carrier (positive hole) 
injection at the time of turning off the semiconductor 
device can be reduced, thereby increasing the speed of 
the turn-off operation. 

Further, as described above, the p + -type contact 
layer 4 having a higher impurity concentration than the 
p-type impurity layer 2 is provided between the p-type 
impurity layer 2 and the electrode 3. Since the depth 
of the p + -type contact layer 4 from the surface of the 
semiconductor substrate 1 is set at 0.2 jura or less, the 
p + -type contact layer 4 does not influence the carrier 
injection coefficient at the time of turning off the 
semiconductor device. In other words, the p + -type 
contact layer 4 does not increase the carrier injection 
coefficient . 

Moreover, since the p + -type contact layer 4 has a 
sufficiently high impurity concentration, the contact 
resistance at the electrode contact section can be 
reduced . 



As described above, the electrode contact section 
of the invention can have a sufficiently low contact 
resistance, and simultaneously realize a low carrier 
injection coefficient when turning off the 
semiconductor device . 

Although in the above example, the semiconductor 
substrate 1 is of the n-type and the impurity layer 2 
and the p + -type contact layer 4 are of the p-type, a 
similar advantage can be obtained if the semiconductor 
substrate 1 is made to be of the p-type and the 
impurity layer 2 and the p + -type contact layer 4 are 
made to be of the n-type. 

A description will now be given of a method for 
manufacturing the electrode contact section shown in 
FIG. 2. 

First, an n-type semiconductor substrate (e.g. a 
silicon substrate) 1 having, for example, an impurity 
concentration of approx. 1.5 x 10 14 ions/cm 2 is 
prepared. A p-type impurity such as boron (B) is 
implanted into the semiconductor substrate by ion 
implantation. At this time, the acceleration voltage 
and the dose, as implantation conditions, are set 
at, for example, approx. 60 keV and approx. 
1 x 10 13 ions/cm 2 , respectively. Thereafter, the 
resultant structure is subjected to a thermal diffusion 
process executed in the atmosphere of nitrogen of 
approx. 1050*0 for approx. 20 min. As a result, a 
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p-type impurity layer (e.g. a p-type emitter layer) 2 
having a depth of approx. 0.8 /zm from the surface of 
the semiconductor substrate 1 is formed. 

Subsequently, a p-type impurity such as boron (B) 
5 is implanted into the p-type impurity layer 2 in the 

semiconductor substrate 1 by ion implantation. At this 
time, the acceleration voltage and the dose, as 
implantation conditions, are set at, for example, 
iJ3 approx. 10 keV and approx. 1 x lO^ 4 ions/cm 2 , 

si 

•;5 10 respectively. After that, the resultant structure is 

i n 

subjected to a thermal diffusion process executed in 

i:r» 

£ft the atmosphere of nitrogen of approx. 8 00°C for approx. 

30 min. As a result, a p + -type contact layer 4 having 

□ 

I f§ a depth of approx. 0.16 iim from the surface of the 

' ?» 15 semiconductor substrate 1 is formed. 

i^T The p^-type contact layer 4 must be formed very 

shallow, and must have a very high impurity 
concentration. To this end, the acceleration voltage 
is set low, the dose is set high, and the period for 

20 executing the thermal diffusion process is set short, 

as is described above. 

Boron fluoride (BF2), for example, may be used as 
the p-type impurity, instead of boron (B) (i.e. the 
element is changed from a light one to a heavy one) , 

25 and implanted into the p-type impurity layer 2 in the 

semiconductor substrate 1, thereby forming a p + -type 
contact layer 4 . 



Subsequently, a thermal oxide film formed on a 
surface portion of the semiconductor substrate 1, i.e. 
on a surface portion of the p + -type contact layer 4, is 
removed using antimony fluoride. After that, the 
electrode 3 made of a metal such as aluminum is 
provided on the p + -type contact layer 4 by sputtering 
or CVD. 

Thereafter, the resultant structure is subjected 
to a heat treatment executed for approx. 30 rain, in the 
atmosphere of nitrogen of approx. 450^, thereby 
diffusing the atoms (e.g. aluminum atoms) of the 
electrode 3 into the semiconductor substrate 1, i.e. 
into the p + -type contact layer 4 so as to reduce the 
contact resistance of the electrode 3 and the p + -type 
contact layer 4 . 

As a result, the electrode contact section 
according to the invention is completed. 

In the electrode contact structure of the 
invention, the depth and impurity concentration of the 
p-type impurity layer 2 substantially determine the 
carrier injection coefficient. In the present example, 
the peak value of the impurity concentration profile of 
the p-type impurity layer 2 falls within the range of 
1C>17 _ 10^8 ions/cm^, and the depth of the layer 2 is 
set at a sufficiently low value of 1.0 iim or less. 
Accordingly, if this structure is applied to the 
collector electrode of an IGBT, the carrier injection 
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coefficient when turning off the IGBT can be reduced, 

thereby increasing the speed of the turn-off operation. 

In addition, since the p + -type contact layer 4, 

which has a higher impurity concentration than the 

5 p-type impurity layer 2 and is provided between the 

p-type impurity layer 2 and the electrode 3, is set to 

have a depth of 0.2 /zm or less from the surface of the 

semiconductor substrate 1, it does not influence the 

i;3 carrier injection coefficient at the time of turning 

CO 10 off the semiconductor device. In other words, the 

i.f! 

LJ p + -type contact layer 4 does not increase the carrier 

m 

;;f! injection coefficient. Further, since the peak value 



u 

! n 



of the impurity concentration profile of the p + -type 
contact layer 4 is set at approx. 10^-9 ions/cm 3 , the 

15 contact resistance of the electrode contact section is 

also reduced. 

[B] Second Electrode Contact Section 
In the above-described electrode contact section 
having a first impurity profile, the p-type impurity 

20 layer 2 is made to be sufficiently shallow (1.0 //m 

or less) and have a low concentration (lO^ - 
10 18 ions/cm 3 ), and the p + -type contact layer 4 
interposed between the p-type impurity layer 2 and the 
electrode 3 has a sufficiently high impurity 

25 concentration (approx. 10^9 ions/cm 3 ) . This structure 

simultaneously realizes a low contact resistance and a 
low carrier injection coefficient. 
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However, when forming the p + -type contact layer 4 
by ion implantation, its surface impurity concentration 
is lower than the peak value of its impurity profile. 
In this state, the contact resistance of the electrode 
5 contact section cannot sufficiently be reduced. 

In light of this, in the second example of the 
invention, a silicide layer 5 is formed between the 
electrode 3 and the p + -type contact layer 4 . 
■;3 This example is not characterized by the provision 

jj 10 of the silicide layer 5, but by the depth of the 

.Is 

s j silicide layer 5 from the surface of the semxconductor 

substrate 1, more specifically, by the relationship 
between the depth of the silicide layer 5 from the 
surface of the semiconductor substrate 1, and the peak 
15 value of the impurity profile of the p + -type contact 

layer 4 . 

An electrode contact section incorporated as a 
second example in the invention will be described. 
FIG. 3 shows the second example. 



20 In this example, a p-type impurity layer 2 is 

forrrte^in an n-type semiconductor substrate 1. The 
n-type semiconductor layer 1 contains an n-type 
impurity such as pfite^phor (P) with a substantially 
constant concentration of^prox. lO^ ions/cm^. The 

25 p-type impurity layer 2 is forme^sni a surface area of 

the semiconductor substrate 1 and conta^s a p-type 
impurity such as boron (B) . The depth of the ps™e 



^impurity layer 2 from the surface of the semiconductor 
substra^^^^tjjS set at 1.0 jum or less, for example, 
approx. 0.8 jam. Fur^TfeEiv^the peak value of the 
concentration profile of the p-type-^bfiaRurity layer 2 
is set at a value falling within the range o^^S^QlJ - 
ipl8 ions/cm^. ^"^s^ 

A p + -type contact layer 4 is formed in the p-type 
impurity layer 2, and an electrode 3 is formed on the 
p + -type contact layer 4 . The p"*"-type contact layer 4 
is thus interposed between the p-type impurity layer 2 
and the electrode 3 and has a higher impurity 
concentration than the p-type impurity layer 2. For 
example, the p + -type contact layer 4 contains a p-type 
impurity such as boron (B) or boron fluoride (BF2), 
etc., and has an impurity concentration peak value 
of 1Q19 ions/cm^ or more and a surface impurity 
concentration of 10^8 ions/cm^ or more. The depth of 
the p + -type contact layer 4 from the surface of the 
semiconductor substrate 1 is set at 0.2 ixm or less, for 
example, approx. 0.16 jum. The electrode 3 is formed of, 
for example, aluminum. 

Further, in this example, a silicide layer 5 is 
provided between the electrode 3 and the p + -type 
contact layer 4. The silicide layer 5 is formed by, 
for example, a thermal treatment in which atoms (e.g. 
aluminum atoms) constituting the electrode 3 react with 
atoms (silicon atoms) constituting the semiconductor 
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substrate 1 . 

The depth of the silicide layer 5 from the surface 
of the semiconductor substrate 1 is set equal to or 
shallower than the depth of the p + -type contact layer 4 
5 from the surface of the semiconductor substrate 1. In 

this example, since the depth of the p + -type contact 
layer 4 from the surface of the semiconductor substrate 
1 is set at 0.2 /zm or less, the depth of the silicide 
Q layer 5 from the surface of the semiconductor substrate 

i*9 10 1 is also set at 0.2 jim or less. 

in 

i a J To minimize the contact resistance, it is 



m 
m 

if 



necessary to make the position of the bottom of the 

silicide layer 5 correspond to that portion of the p + - 

□ 

j]fj type contact layer 4, at which the concentration 

* 15 profile of the layer 4 assumes a peak value. In other 
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words, the electrode 3 is electrically connected to the 
lowest resistance portion of the p + -type contact layer 
4 (corresponding to a portion thereof at which the 
concentration profile assumes the peak value) via the 
20 silicide layer 5, thereby reducing the contact 

resistance . 

In the electrode contact structure described above, 
the p-type impurity layer 2 has a low impurity 
concentration, and a sufficiently shallow depth of 
25 1.0 /zm or less from the surface of the semiconductor 

substrate 1. Accordingly, if this electrode contact 
structure is applied to the collector electrode (anode 



electrode) of an IGBT, the carrier (positive hole) 
injection coefficient when turning off the IGBT can be 
reduced, thereby increasing the speed of the turn-off 
operation . 

In addition, since the p + -type contact layer 4, 
which has a higher impurity concentration than the 
p-type impurity layer 2 and is provided between the 
p-type impurity layer 2 and the electrode 3, is set to 
have a depth of 0.2 iim or less from the surface of the 
semiconductor substrate 1, it does not influence the 
carrier injection coefficient at the time of turning 
off the semiconductor device. In other words, the 
p+-type contact layer 4 does not increase the carrier 
injection coefficient . 

Further, the p + -type contact layer 4 has a 
sufficiently high impurity concentration, and the 
silicide layer 5 is provided between the electrode 3 
and the p + -type contact layer 4. The position of the 
bottom of the silicide layer 5 is made to correspond to 
that portion of the p + -type contact layer 4, at which 
the concentration profile of the layer 4 assumes a peak 
value. Accordingly, the contact resistance of the 
electrode contact section is further reduced. 

FIG. 13 shows the relationship between a 
saturation voltage Vce (sat) between the collector and 
the emitter and the thickness of the silicide layer 5 
(the depth from the surface of the semiconductor 



substrate 1) , obtained when the concentration profile 
of the p + -type contact layer 4 assumes a peak value at 
a depth of 0.04 /zm from the surface of the 
semiconductor substrate 1. 

As is understood from FIG. 13, the saturation 
voltage Vce (sat) between the collector and the emitter 
is minimum when the position of the bottom of the 
silicide layer 5 (i.e. the thickness of the layer 5) 
corresponds to that portion of the p + -type contact 
layer 4, at which the concentration profile of the 
layer 4 assumes the peak value, i.e., when the 
thickness of the layer 5 is 0.04 /zm. This means that 
the contact resistance is minimum when the position of 
the bottom of the silicide layer 5 (i.e. the thickness 
of the layer 5) corresponds to that portion of the 
p + -type contact layer 4, at which the concentration 
profile of the layer 4 assumes the peak value. 

As described above, the electrode contact section 
of the invention simultaneously realizes a low contact 
resistance and a low carrier injection coefficient. 

Although in the above-described example, the 
semiconductor substrate 1 is of the n-type and the 
impurity layer 2 and the contact layer 4 are of the 
p-type, the same advantage can be obtained by making 
the semiconductor substrate 1 be of the p-type and the 
impurity layer 2 and the contact layer 4 be of the 
n-type . 
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A description will be given of a method for 
manufacturing the electrode contact section shown in 
FIG. 3. 

First, an n-type semiconductor substrate (e.g. a 
5 silicon substrate) 1 having, for example, an impurity 

concentration of approx. 1.5 x lO^ ions/cm^ is 
prepared. A p-type impurity such as boron (B) is 
implanted into the semiconductor substrate by ion 

i*3 implantation. At this time, the acceleration voltage 

. 4 

1*3 10 and the dose, as implantation conditions, are set 

in 

Uj at, for example, approx. 60 keV and approx. 

l e B fj 1 x 10^-3 ions/cm^, respectively. Thereafter, the 

resultant structure is subjected to a thermal diffusion 
process executed in the atmosphere of nitrogen of 



1.11 

> 15 approx. 1050°C for approx. 20 min. As a result, a 



p-type impurity layer (e.g. a p-type emitter layer) 2 
having a depth of approx. 0.8 /zm from the surface of 
the semiconductor substrate 1 is formed. 

Subsequently, a p-type impurity such as boron (B) 

20 is implanted into the p-type impurity layer 2 in the 

semiconductor substrate 1 by ion implantation. At this 
time, the acceleration voltage and the dose, as 
implantation conditions, are set at, for example, 
approx. 10 keV and approx. 1 x 10^^ ions/cm^, 

25 respectively. After that, the resultant structure is 

subjected to a thermal diffusion process executed in 
the atmosphere of nitrogen of approx. 800*0 for approx. 



30 min. As a result, a p + -type contact layer 4 having 
a depth of approx. 0.16 jam from the surface of the 
semiconductor substrate 1 is formed. 

The p + -type contact layer 4 must be formed very 
shallow, and must have a very high impurity 
concentration. To this end, the acceleration voltage 
is set low, the dose is set high, and the period for 
executing the thermal diffusion process is set short, 
as is described above. 

Boron fluoride (BF2)/ for example, may be used as 
the p-type impurity, instead of boron (B) (i.e. the 
element is changed from a light one to a heavy one) , 
and implanted into the p-type impurity layer 2 in the 
semiconductor substrate 1, thereby forming a p + -type 
contact layer 4 . 

Subsequently, a thermal oxide film formed on a 
surface portion of the semiconductor substrate 1, i.e. 
on a surface portion of the p + -type contact layer 4, is 
removed using antimony fluoride. After that, an 
electrode 3 made of a metal such as aluminum and having 
a thickness of approx. 0.05 jam is provided on the 
p+-type contact layer 4 by sputtering or CVD. 

Thereafter, the resultant structure is subjected 
to a heat treatment executed for approx. 30 min. in the 
atmosphere of nitrogen of approx. 450°C, thereby 
diffusing the atoms (e.g. aluminum atoms) of the 
electrode 3 into the semiconductor substrate 1, i.e. 



into the p + -type contact layer 4. As a result, a 
silicide layer 5 is formed. The thickness of the 
silicide layer 5 (the depth from the surface of the 
semiconductor substrate 1) is made substantially equal 
to that thickness of the p + -type contact layer 4 from 
the surface of the semiconductor substrate 1, at which 
the concentration profile of the layer 4 assumes a peak 
value . 

For example, when the concentration profile of the 
layer 4 assumes the peak value at a depth of approx. 

0. 04 jam from the surface of the semiconductor substrate 

1, the silicide layer 5 is made to have a thickness of 
approx. 0.04 //m. 

As a result, the contact resistance between the 
electrode 3 and the p-type impurity layer 2 in the 
electrode contact section is minimized. 

Thus, the electrode contact section of the 
invention is completed. 

In the electrode contact structure of the 
invention, the carrier injection coefficient is 
basically determined from the depth and impurity 
concentration of the p-type impurity layer 2. In this 
example, the peak value of the concentration profile of 
the p-type impurity layer 2 is set at a value falling 
within the range of 10 17 - 10 18 ions/cm^. Further, the 
depth of the p-type impurity layer 2 from the surface 
of the semiconductor substrate 1 is set at a sufficient 



low value of 1.0 /zm or less. Accordingly, when this 
electrode contact structure is applied to the collector 
electrode of an IGBT, the coefficient of carrier 
injection at the time of turning off the semiconductor 
device can be reduced, thereby increasing the speed of 
the turn-off operation. 

Further, as described above, the p + -type contact 
layer 4 having a higher impurity concentration than the 
p-type impurity layer 2 is provided between the p-type 
impurity layer 2 and the electrode 3. Since the depth 
of the p + -type contact layer 4 from the surface of the 
semiconductor substrate 1 is set at 0.2 *zm or less, the 
p + -type contact layer 4 does not influence the carrier 
injection coefficient at the time of turning off the 
semiconductor device. In other words, the p + -type 
contact layer 4 does not increase the carrier injection 
coefficient. Moreover, since the peak value of the 
impurity concentration profile of the p + -type contact 
layer 4 is set at approx. lO^ ions/cm^, the contact 
resistance of the electrode contact section is also 
reduced. 

In addition, the p + -type contact layer 4 has a 
sufficiently high impurity concentration, and the 
silicide layer 5 is provided between the electrode 3 
and the p + -type contact layer 4. Further, the position 
of the bottom of the silicide layer 5 is made to 
correspond to that portion of the p + -type contact layer 
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4, at which the concentration profile of the layer 4 
assumes a peak value. Accordingly, the contact 
resistance of the electrode contact section is further 
reduced . 
5 [C] Embodiment 

A description will now be given of the case of 
applying the above-described electrode contact section 
(according to the first or second example) to an IGBT. 

□ First, the IGBT will be described. 

!!8 10 FIG. 4 shows a general structure for the IGBT. 

hj An n-type semiconductor substrate (silicon 

en 

\[f\ substrate) 1 serves as an n-type base layer. A p-type 



□ 



base layer 7 is formed on one surface of the 
lj| semiconductor substrate 1, and an n^-type emitter layer 

15 8 is formed in the p-type base layer 7. 



In a surface area of the one surface of the 
semiconductor substrate 1, a gate electrode 10 is 
formed on the p-type base layer (channel section) 7 
between the n-type base layer 1 and the n + -type emitter 

20 layer 8, with an insulating layer 9 interposed 

therebetween. Further, an emitter electrode 11 is 
formed on the p-type base layer 7 and the n + -type 
emitter layer 8. 

A p + -type emitter layer 2 is formed on the other 

25 surface of the semiconductor substrate 1. The p + -type 

emitter layer 2 serves as a p-type impurity layer that 
constitutes an electrode contact section according to 



the invention. A collector electrode 3 is formed on 
the p + -type emitter layer 2. 

As described above, in the IGBT, it is important 
to reduce the contact resistance of the p + -type emitter 
layer 2 and the collector electrode 3, and also to 
reduce the coefficient of carrier (positive hole) 
injection from the p + -type emitter layer 2 to the n- 
type base layer 1 so as to increase the speed of the 
turn-off operation . 

The application of the electrode contact structure 
of the invention to the IGBT enables the simultaneous 
realization of a reduction of the contact resistance 
and the carrier injection coefficient. 

FIG. 5 shows an IGBT as a first example of the 
invention . 

This example relates to an IGBT to which the 
above-described first electrode contact section is 
applied. 

A p-type base layer 7 is formed on one surface of 
an n-type semiconductor substrate (n-type base layer) 1, 
and an n + -type emitter layer 8 is formed in the p-type 
base layer 7 . In a surface area of the one surface of 
the semiconductor substrate 1, a gate electrode 10 is 
formed on the p-type base layer (channel section) 7 
between the n-type base layer 1 and the n + -type emitter 
layer 8, with an insulating layer 9 interposed 
therebetween. Further, an emitter electrode 11 is 



formed on the p-type base layer 7 and the n + -type 
emitter layer 8 . 

A p + -type emitter layer 2 is formed on the other 
surface of the semiconductor substrate 1. The p + -type 
emitter layer 2 contains a p-type impurity such as 
boron (B) . The depth of the p + -type emitter layer 2 
from the other surface of the semiconductor substrate 1 
is set at 1.0 /zm or less, for example, approx. 0.8 /zm. 
Further, the peak value of the concentration profile of 
the p + -type emitter layer 2 is set at a value falling 
within the range of 10^7 _ ions/cm^. 

A p ++ -type contact layer 4 is formed in the 
p + -type emitter layer 2, and a collector electrode 3 is 
formed on the p ++ -type contact layer 4 . The p ++ -type 
contact layer 4 is thus interposed between the p + -type 
emitter layer 2 and the collector electrode 3 and has a 
higher impurity concentration than the p + -type emitter 
layer 2. 

For example, the p ++ -type contact layer 4 contains 
a p-type impurity such as boron (B) or boron fluoride 
(BF2), etc., and has an impurity concentration peak 
value of 10l9 ions/cm^ or more and a surface impurity 
concentration of 10^8 ions/cm^ or more. The depth of 
the p ++ -type contact layer 4 from the surface of the 
semiconductor substrate 1 is set at 0.2 /zm or less, for 
example, approx. 0.16 jum. The collector electrode 3 is 
formed of, for example, aluminum. 



In the above-described electrode contact structure, 
the p + -type emitter layer 2 has a low impurity 
concentration, and a sufficiently shallow depth of 
1.0 iim or less from the surface of the semiconductor 
substrate 1. Accordingly, the coefficient of carrier 
(positive hole) injection at the time of turning off 
the IGBT can be reduced, thereby increasing the speed 
of the turn-off operation. 

Further, as described above, the p ++ -type contact 
layer 4 having a higher impurity concentration than the 
p + -type emitter layer 2 is provided between the p + -type 
emitter layer 2 and the collector electrode 3. Since 
the depth of the p ++ -type contact layer 4 from the 
surface of the semiconductor substrate 1 is set at 
0.2 jam or less, the p + -type contact layer 4 does not 
influence the carrier injection coefficient at the time 
of turning off the IGBT. In other words, the p ++ -type 
contact layer 4 does not increase the carrier injection 
coefficient . 

Moreover, since the p + -type contact layer 4 has a 
sufficiently high impurity concentration, the contact 
resistance of the electrode contact section is reduced. 

As described above, the electrode contact section 
of the IGBT enables the simultaneous realization of a 
sufficient reduction of the contact resistance and 
reduction of the carrier injection coefficient. 

Although in the above-described example, the 



semiconductor substrate 1 is of the n-type and the 
emitter layer 2 and the contact layer 4 are of the 
p-type, the same advantage can be obtained by making 
the semiconductor substrate 1 be of the p-type and the 
emitter layer 2 and the contact layer 4 be of the 
n-type . 

A method for manufacturing the IGBT shown in 
FIG. 5 will be described. 

First, an n-type semiconductor substrate (e.g. a 
silicon substrate) 1 having, for example, an impurity 
concentration of approx. 1.5 x lO^ ions/cm^ is 
prepared. A p-type base layer 7, an n+-type emitter 
layer 8, an insulating film 9, a gate electrode 10 and 
an emitter electrode 11 are formed on one surface of 
the semiconductor substrate 1. 

Subsequently, a p-type impurity such as boron (B) 
is implanted into the other surface of the 
semiconductor substrate 1 by ion implantation. At this 
time, the acceleration voltage and the dose, as 
implantation conditions, are set at, for example, 
approx. 60 keV and approx. 1 x 10 13 ions/cm 2 , 
respectively. Thereafter, the resultant structure is 
subjected to a thermal diffusion process executed in 
the atmosphere of nitrogen of approx. 1050^ for approx. 
20 min. As a result, a p + -type emitter layer 2 having 
a depth of approx. 0.8 jum from the other surface of the 
semiconductor substrate 1 is formed. 



Subsequently, a p-type impurity such as boron (B) 
is implanted into the p + -type emitter layer 2 in the 
other surface of the semiconductor substrate 1 by ion 
implantation. At this time, the acceleration voltage 
and the dose, as implantation conditions, are set 
at, for example, approx. 10 keV and approx. 
1 x 10 14 ions/cm 2 , respectively. After that, the 
resultant structure is subjected to a thermal diffusion 
process executed in the atmosphere of nitrogen of 
approx. 800t for approx. 30 min. As a result, a 
p ++ -type contact layer 4 having a depth of approx. 
0.16 jim from the other surface of the semiconductor 
substrate 1 is formed. 

The p ++ -type contact layer 4 must be formed very 
shallow, and must have a very high impurity 
concentration. To this end, the acceleration voltage 
is set low, the dose is set high, and the period for 
executing the thermal diffusion process is set short, 
as is described above. 

Boron fluoride (BF2 ) , for example, may be used as 
the p-type impurity, instead of boron (B) (i.e. the 
element is changed from a light one to a heavy one) , 
and implanted into the p + -type emitter layer 2 in the 
semiconductor substrate 1, thereby forming a p ++ -type 
contact layer 4. 

Subsequently, a thermal oxide film formed on a 
surface portion of the other surface of the 
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semiconductor substrate 1, i.e. on a surface portion of 
the p ++ -type contact layer 4, is removed using antimony 
fluoride. After that, a collector electrode 3 made of 
a metal such as aluminum is provided on the p ++ -type 
5 contact layer 4 by sputtering or CVD. 

Thereafter, the resultant structure is subjected 
to a heat treatment executed for approx. 30 min. in the 
atmosphere of nitrogen of approx. 450T;, thereby 
Q diffusing the atoms (e.g. aluminum atoms) of the 

CO 10 collector electrode 3 into the semiconductor substrate 

in 

i,y 1, i.e. into the p ++ -type contact layer 4 so as to 

cri 

j*;f| reduce the contact resistance of the collector 
!■* 

* electrode 3 and the p ++ -type contact layer 4 . 

,i si 

I fj As a result, the IGBT according to the invention 

' 15 is completed, 

n 

jjj FIG. 6 shows an IGBT as a second example of the 

invention . 

This example relates to an IGBT to which the 
above-described second electrode contact section is 

20 applied. 

A p-type base layer 7 is formed on one surface of 
an n-type semiconductor substrate (n-type base layer) 1, 
and an n + -type emitter layer 8 is formed in the p-type 
base layer 7. In a surface area of the one surface of 

25 the semiconductor substrate 1, a gate electrode 10 is 

formed on the p-type base layer (channel section) 7 
between the n-type base layer 1 and the n + -type emitter 



layer 8, with an insulating layer 9 interposed 
therebetween. Further, an emitter electrode 11 is 
formed on the p-type base layer 7 -and the n + -type 
emitter layer 8 . 

A p + -type emitter layer 2 is formed on the other 
surface of the semiconductor substrate 1. The p + -type 
emitter layer 2 contains a p-type impurity such as 
boron (B) . The depth of the p + -type emitter layer 2 
from the other surface of the semiconductor substrate 1 
is set at 1.0 jum or less, for example, approx. 0.8 ^m. 
Further, the peak value of the concentration profile of 
the p + -type emitter layer 2 is set at a value falling 
within the range of 10^ _ iolS ions/cm^. 

A p ++ -type contact layer 4 is formed in the 
p + -type emitter layer 2, and a collector electrode 3 is 
formed on the p ++ -type contact layer 4 . The p ++ -type 
contact layer 4 is thus interposed between the p + -type 
emitter layer 2 and the collector electrode 3 and has a 
higher impurity concentration than the p + -type emitter 
layer 2. 

For example, the p +4 "-type contact layer 4 contains 
a p-type impurity such as boron (B) or boron fluoride 
(BF2) , etc., and has an impurity concentration peak 
value of 10^9 ions/cm^ or more and a surface impurity 
concentration of lO 1 ^ ions/cm^ or more. The depth of 
the p ++ -type contact layer 4 from the surface of the 
semiconductor substrate 1 is set at 0.2 /im or less, for 
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example, approx. 0.16 /xm. The collector electrode 3 i 
formed of, for example, aluminum. 

Further, in this example, a silicide layer 5 is 
provided between the collector electrode 3 and the 
p ++ -type contact layer 4. The silicide layer 5 is 
formed by, for example, a thermal treatment in which 
atoms (e.g. aluminum atoms) constituting the collector 
electrode 3 react with atoms (silicon atoms) 
constituting the semiconductor substrate 1. 

The depth of the silicide layer 5 from the other 
surface of the semiconductor substrate 1 is set equal 
to or shallower than the depth of the p ++ -type contact 
layer 4 from the other surface of the semiconductor 
substrate 1. In this example, since the depth of the 
p+ + -type contact layer 4 from the other surface of the 
semiconductor substrate 1 is set at 0.2 /zm or less, th 
depth of the silicide layer 5 from the other surface o 
the semiconductor substrate 1 is also set at 0.2 /zm or 
less . 

To minimize the contact resistance, it is 
necessary to make the position of the bottom of the 
silicide layer 5 correspond to that portion of the 
p ++ -type contact layer 4, at which the concentration 
profile of the layer 4 assumes a peak value. In other 
words, the collector electrode 3 is electrically 
connected to the lowest resistance portion of the 
p ++ -type contact layer 4 (corresponding to a portion 



thereof at which the concentration profile assumes the 
peak value) via the silicide layer 5, thereby reducing 
the contact resistance. 

In the electrode contact structure described above, 
the p + -type emitter layer 2 has a low impurity 
concentration, and a sufficiently shallow depth of 
1.0 /zm or less from the other surface of the 
semiconductor substrate 1. Accordingly, the carrier 
(positive hole) injection coefficient when turning off 
the IGBT can be reduced, thereby increasing the speed 
of the turn-off operation. 

In addition, since the p+^-type contact layer 4, 
which has a higher impurity concentration than the 
p+-type emitter layer 2 and is provided between the 
p+-type emitter layer 2 and the collector electrode 3, 
is set to have a depth of 0.2 jam or less from the 
surface of the semiconductor substrate 1, it does not 
influence the carrier injection coefficient at the time 
of turning off the IGBT. In other words, the p ++ -type 
contact layer 4 does not increase the carrier injection 
coefficient . 

Further, the p ++ -type contact layer 4 has a 
sufficiently high impurity concentration, and the 
silicide layer 5 is provided between the collector 
electrode 3 and the p ++ -type contact layer 4. The 
position of the bottom of the silicide layer 5 is made 
to correspond to that portion of the p ++ -type contact 
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layer 4, at which the concentration profile of the 
layer 4 assumes a peak value. Accordingly, the contact 
resistance of the electrode contact section is further 
reduced. 

Thus, the electrode contact section of the IGBT 
according to the invention enables the simultaneous 
realization of a sufficient reduction of the contact 
resistance and reduction of the carrier injection 
coefficient . 

Although in the above-described example, the 
semiconductor substrate 1 is of the n-type and the 
emitter layer 2 and the contact layer 4 are of the 
p-type, the same advantage can be obtained by making 
the semiconductor substrate 1 be of the p-type and the 
emitter layer 2 and the contact layer 4 be of the 
n-type . ■ 

A method for manufacturing the IGBT shown in 
FIG. 6 will be described. 

First, an n-type semiconductor substrate (e.g. a 
silicon substrate) 1 having, for example, an impurity 
concentration of approx. 1.5 x 10 14 ions/cm 2 is 
prepared. A p-type base layer 7, an n+-type emitter 
layer 8, an insulating film 9, a gate electrode 10 and 
an emitter electrode 11 are formed on one surface of 
the semiconductor substrate 1. 

Subsequently, a p-type impurity such as boron (B) 
is implanted into the other surface of the 
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semiconductor substrate 1 by ion implantation. At this 
time, the acceleration voltage and the dose, as 
implantation conditions, are set at, for example, 
approx. 60 keV and approx. 1 x lO 1 ^ ions/cm 2 , 
5 respectively- Thereafter, the resultant structure is 

subjected to a thermal diffusion process executed in 
the atmosphere of nitrogen of approx. 1050°C for approx. 
20 min. As a result, a p + -type emitter layer 2 having 
a depth of approx. 0.8 {im from the other surface of the 
10 semiconductor substrate 1 is formed. 

Subsequently, a p-type impurity such as boron (B) 
^ is implanted into the p + -type emitter layer 2 in the 

i3 other surface of the semiconductor substrate 1 by ion 

□ 

LH implantation. At this time, the acceleration voltage 

r ~" 

»Z 15 and the dose, as implantation conditions, are set 

a 

j*& at, for example, approx. 10 keV and approx. 

1 x 10 14 ions/cm 2 , respectively. After that, the 
resultant structure is subjected to a thermal diffusion 
process executed in the atmosphere of nitrogen of 

20 approx. 800*0 for approx. 30 min. As a result, a 

p ++ -type contact layer 4 having a depth of approx. 
0.16 jum from the other surface of the semiconductor 
substrate 1 is formed. 

The p ++ -type contact layer 4 must be formed very 

25 shallow, and must have a very high impurity 

concentration. To this end, the acceleration voltage 
is set low, the dose is set high, and the period for 
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executing the thermal diffusion process is set short, 
as is described above. 

Boron fluoride (BF2) , for example, may be used as 
the p-type impurity, instead of boron (B) (i.e. the 
element is changed from a light one to a heavy one) , 
and implanted into the p + -type emitter layer 2 in the 
semiconductor substrate 1, thereby forming a p+^-type 
contact layer 4 . 

Subsequently, a thermal oxide film formed on a 
surface portion of the other surface of the 
semiconductor substrate 1, i.e. on a surface portion of 
the p ++ -type contact layer 4, is removed using antimony 
fluoride. After that, a collector electrode 3 made of 
a metal such as aluminum and having a thickness of 
approx. 0.05 Aim is provided on the p ++ -type contact 
layer 4 by sputtering or CVD. 

Thereafter, the resultant structure is subjected 
to a heat treatment executed for approx. 30 min. in the 
atmosphere of nitrogen of approx. 450^, thereby 
diffusing the atoms (e.g. aluminum atoms) of the 
collector electrode 3 into the semiconductor substrate 
1, i.e. into the p ++ -type contact layer 4 so as to form 
a silicide layer 5. The thickness of the silicide 
layer 5 (the depth from the other surface of the 
semiconductor substrate 1) is made substantially equal 
to that thickness of the p ++ -type contact layer 4 from 
the other surface of the semiconductor substrate 1, at 



which the concentration profile of the layer 4 assumes 
a peak value. 

For example, when the concentration profile of the 
layer 4 assumes the peak value at a depth of approx. 
0.04 jj,m from the other surface of the semiconductor 
substrate 1, the silicide layer 5 is made to have a 
thickness of approx. 0.04 jum. 

As a result, the contact resistance between the 
collector electrode 3 and the p + -type emitter layer 2 
in the electrode contact section is reduced. 

The collector electrode 3 may be formed after 
forming the silicide layer 5. 

Thus, the 1GBT according to the invention is 
completed. 

FIG. 8 shows an IGBT as a third example of the 
invention . 

This example relates to an IGBT (a reference 
example) as shown in FIG. 7, in which a plurality of 
p + -type emitter layers 2A isolated from each other are 
formed, and to which the above-described first 
electrode contact section is applied. 

A p-type base layer 7 is formed on one surface of 
an n-type semiconductor substrate (n-type base layer) 1, 
and an n + -type emitter layer 8 is formed in the p-type 
base layer 7. In a surface area of the one surface of 
the semiconductor substrate 1, a gate electrode 10 is 
formed on the p-type base layer (channel section) 7 



between the n-type base layer 1 and the n + -type emitter 
layer 8, with an insulating layer 9 interposed 
therebetween. Further, an emitter electrode 11 is 
formed on the p-type base layer 7 and the n + -type 
emitter layer 8. 

A plurality of p + -type emitter layers 2A isolated 
from each other are formed on the other surface of the 
semiconductor substrate 1 . Each p + -type emitter layer 
2A contains a p-type impurity such as boron (B) . The 
depth of each p + -type emitter layer 2A from the other 
surface of the semiconductor substrate 1 is set at 
1.0 jam or less, for example, approx. 0.8 /xm. Further, 
the peak value of the concentration profile of each 
p + -type emitter layer 2A is set at a value falling 
within the range of 10^^ - 10^-8 ions/cm^. 

A p ++ -type contact layer 4A is formed in each 
p + -type emitter layer 2A, and a collector electrode 3 
is formed on the resultant p ++ -type contact layers 4A. 
Further, insulating films 6 are formed on respective 
exposed portions of the other surface of the n-type 
base layer (semiconductor substrate) 1. Accordingly, 
the collector electrode 3 is electrically connected to 
the plurality of p + -type emitter layers 2A, and 
electrically isolated from the n-type base layer 1. 

The p ++ -type contact layers 4A are interposed 
between the respective p^-type emitter layers 2A and 
the collector electrode 3, and have a higher impurity 



concentration than the p + -type emitter layers 2A. 

For example, each p ++ -type contact layer 4A 
contains a p-type impurity such as boron (B) or boron 
fluoride (BF2) , etc., and has an impurity concentration 
peak value of lO^ ions/cm^ or more and a surface 
impurity concentration of lO^ ions/cm^ or more. The 
depth of each p ++ -type contact layer 4A from the other 
surface of the semiconductor substrate 1 is set at 
0.2 /xm or less, for example, approx. 0.16 /zm. The 
collector electrode 3 is formed of, for example, 
aluminum. 

In the electrode contact structure described above, 
the p + -type emitter layers 2A have a low impurity 
concentration, and a sufficiently shallow depth of 
1.0 tim or less from the other surface of the 
semiconductor substrate 1. Accordingly, the carrier 
(positive hole) injection coefficient when turning off 
the IGBT can be reduced, thereby increasing the speed 
of the turn-off operation. 

The carrier injection coefficient can be 
controlled by changing the depth of the p + -type emitter 
layers 2A or contact ratio W1/W2. 

In addition, since the p ++ -type contact layers 4, 
which have a higher impurity concentration than the 
p + -type emitter layers 2A and are provided between the 
respective p + -type emitter layers 2A and the collector 
electrode 3, are set to have a depth of 0.2 fxm or less 



from the other surface of the semiconductor substrate 1 
they do not influence the carrier injection coefficient 
at the time of turning off the IGBT. In other words, 
the p ++ -type contact layers 4A do not increase the 
carrier injection coefficient. 

Further, since the p ++ -type contact layers 4 have 
a sufficiently high impurity concentration, the contact 
resistance of the electrode contact section is reduced. 

Thus, the electrode contact section of the IGBT 
according to the invention enables the simultaneous 
realization of a sufficient reduction of the contact 
resistance and reduction of the carrier injection 
coefficient . 

Although in the above-described example, the 
semiconductor substrate 1 is of the n-type and the 
emitter layers 2A and the contact layers 4A are of the 
p-type, the same advantage can be obtained by making 
the semiconductor substrate 1 be of the p-type and the 
emitter layers 2A and the contact layers 4A be of the 
n-type . 

A method for manufacturing the IGBT shown in 
FIG. 8 will be described. 

First, an n-type semiconductor substrate (e.g. a 
silicon substrate) 1 having, for example, an impurity 
concentration of approx. 1.5 x lO^ ions/cm^ is 
prepared. A p-type base layer 7, an n+-type emitter 
layer 8, an insulating film 9, a gate electrode 10 and 
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an emitter electrode 11 are formed on one surface of 
the semiconductor substrate 1. 

Subsequently, a p-type impurity such as boron (B) 
is implanted into the other surface of the 
5 semiconductor substrate 1 by ion implantation. At this 

time, the acceleration voltage and the dose, as 
implantation conditions, are set at, for example, 
approx. 60 keV and approx. 1 X 10^3 ions/cm 2 , 

respectively. Thereafter, the resultant structure is 

M 

'*8 10 subjected to a thermal diffusion process executed in 

i.rj 

'»J the atmosphere of nitrogen of approx. 1050°C for approx. 

! »^ 20 min. As a result, p + -type emitter layers 2A having 

! * a depth of approx. 0.8 /nm from the other surface of the 

Q 

Ifi semiconductor substrate 1 are formed. 

jo<£t 

15 Subsequently, a p-type impurity such as boron (B) 

| s 4 is implanted into the p^-type emitter layers 2A in the 

other surface of the semiconductor substrate 1 by ion 
implantation. At this time, the acceleration voltage 
and the dose, as implantation conditions, are set 

20 at, for example, approx. 10 keV and approx. 

1 x 10 14 ions/cm 2 , respectively. After that, the 
resultant structure is subjected to a thermal diffusion 
process executed in the atmosphere of nitrogen of 
approx. 800^ for approx. 30 min. As a result, p + " h -type 

25 contact layers 4A having a depth of approx. 0.16 jj,m 

from the other surface of the semiconductor substrate 1 
are formed. 
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The p ++ -type contact layers 4A must be formed very 
shallow, and must have a very high impurity 
concentration. To this end, the acceleration voltage 
is set low, the dose is set high, and the period for 
5 executing the thermal diffusion process is set short, 

as is described above. 

Boron fluoride (BF2 ) , for example, may be used as 
the p-type impurity, instead of boron (B) (i.e. the 
£3 element is changed from a light one to a heavy one) , 

50 10 and implanted into the p + -type emitter layers 2A in the 

in 

semiconductor substrate 1, thereby forming p+^-type 

tit ■ 

P contact layers 4A. 

|.* 

« Subsequently, a thermal oxide film formed on a 

□ 

■\M surface portion of the other surface of the 

a ; 15 semiconductor substrate 1, i.e. on a surface portion of 



the p ++ -type contact layers 4A, is removed using 
antimony fluoride. After that, an insulating film 6 is 
formed on the other surface side of the semiconductor 
substrate 1 by, for example, CVD. The insulating film 
20 6 is patterned by PEP or RIE, thereby forming contact 

holes that extend to the respective p ++ -type contact 
layers 4A. Then, a collector electrode 3 extending to 
the p ++ -type contact layers 4A is formed by sputtering 
or CVD. 

25 Thereafter, the resultant structure is subjected 

to a heat treatment executed for approx. 30 min. in the 
atmosphere of nitrogen of approx. 450^, thereby 



diffusing the atoms (e.g. aluminum atoms) of the 
collector electrode 3 into the semiconductor substrate 
1, i.e. into the p ++ -type contact layers 4A. As a 
result, the contact resistance between the collector 
electrode 3 and the p ++ -type contact layers 4 is 
reduced. 

Thus, the IGBT according to the invention is 
completed. 

FIG. 9 shows an IGBT as a fourth example of the 
invention . 

This example relates to an IGBT (a reference 
example) as shown in FIG. 7, in which a plurality of 
p + -type emitter layers 2A isolated from each other are 
formed, and to which the above-described second 
electrode contact section is applied. 

A p-type base layer 7 is formed on one surface of 
an n-type semiconductor substrate (n-type base layer) 1, 
and an n + -type emitter layer 8 is formed in the p-type 
base layer 7. In a surface area of the one surface of 
the semiconductor substrate 1, a gate electrode 10 is 
formed on the p-type base layer (channel section) 7 
between the n-type base layer 1 and the n + -type emitter 
layer 8, with an insulating layer 9 interposed 
therebetween. Further, an emitter electrode 11 is 
formed on the p-type base layer 7 and the n + -type 
emitter layer 8. 

A plurality of p + -type emitter layers 2A isolated 



from each other are formed on the other surface of the 
semiconductor substrate 1. Each p + -type emitter layer 
2A contains a p-type impurity such as boron (B) . The 
depth of each p + -type emitter layer 2A from the other 
surface of the semiconductor substrate 1 is set at 
1.0 jum or less, for example, approx. 0.8 }im. Further, 
the peak value of the concentration profile of each 
p + -type emitter layer 2A is set at a value falling 
within the range of 10 17 - 10 18 ions/cm 3 . 

A p ++ -type contact layer 4A is formed in each 
p + -type emitter layer 2A, and a collector electrode 3 
is formed on the resultant p ++ -type contact layers 4A. 
Further, insulating films 6 are formed on respective 
exposed portions of the other surface of the n-type 
base layer (semiconductor substrate) 1. Accordingly, 
the collector electrode 3 is electrically connected to 
the plurality of p + -type emitter layers 2A, and 
electrically isolated from the n-type base layer 1. 

The p ++ -type contact layers 4A are interposed 
between the respective p + -type emitter layers 2A and 
the collector electrode 3, and have a higher impurity 
concentration than the p + -type emitter layers 2A. 

For example, each p ++ -type contact layer 4A 
contains a p-type impurity such as boron (B) or boron 
fluoride (BF2 ) f etc., and has an impurity concentration 
peak value of lO 1 ^ ions/cm 3 or more and a surface 
impurity concentration of 10 18 ions/cm 3 or more. The 



depth of each p ++ -type contact layer 4A from the other 
surface of the semiconductor substrate 1 is set at 
0.2 fxm or less, for example, approx. 0.16 jam. The 
collector electrode 3 is formed of, for example, 
aluminum. 

Further, in this example, a silicide layer 5 is 
provided between the collector electrode 3 and each 
p + -type contact layer 4A. The silicide layer 5 is 
formed by, for example, a thermal treatment in which 
atoms (e.g. aluminum atoms) constituting the electrode 
3 react with atoms (silicon atoms) constituting the 
semiconductor substrate 1. 

The depth of the silicide layer 5 from the other 
surface of the semiconductor substrate 1 is set equal 
to or shallower than the depth of each p + -type contact 
layer 4A from the other surface of the semiconductor 
substrate 1. In this example, since the depth of each 
p + -type contact layer 4A from the other surface of the 
semiconductor substrate 1 is set at 0.2 iim or less, the 
depth of the silicide layer 5 from the surface of the 
semiconductor substrate 1 is also set at 0.2 jam or less 

To minimize the contact resistance, it is 
necessary to make the position of the bottom of the 
silicide layer 5 correspond to that portion of each 
p + -type contact layer 4A, at which the concentration 
profile of the layer 4A assumes a peak value. In other 
words, the collector electrode 3 is electrically 
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» connected to the lowest resistance portion of each 

p + -type contact layer 4A (corresponding to a portion 
thereof at which the concentration profile assumes the 
peak value) via the silicide layer 5, thereby reducing 
5 the contact resistance. 

In the electrode contact structure described above, 
the p + -type emitter layers 2A have a low impurity 
concentration, and a sufficiently shallow depth of 
p 1.0 tim or less from the other surface of the 

Cfl 10 semiconductor substrate 1. Accordingly, the carrier 

[ft , 

I. j (positive hole) injection coefficient when turning off 

ijfj the IGBT can be reduced, thereby increasing the speed 

i5 of the turn-off operation. 

The carrier injection coefficient can be 
15 controlled by changing the depth of the p + -type emitter 

layers 2A or contact ratio W1/W2. 

In addition, since the p ++ -type contact layers 4, 
which have a higher impurity concentration than the 
p + -type emitter layers 2A and are provided between the 
20 respective p + -type emitter layers 2A and the collector 

electrode 3, are set to have a depth of 0.2 fim or less 
from the other surface of the semiconductor substrate 1, 
they do not influence the carrier injection coefficient 
at the time of turning off the IGBT. In other words,- 
25 the p ++ -type contact layers 4A do not increase the 

carrier injection coefficient. 

Further, the p ++ -type contact layers 4 have a 
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sufficiently high impurity concentration, and the 
silicide layer 5 is provided between the collector 
electrode 3 and each p ++ -type contact layer 4A. The 
position of the bottom of the silicide layer 5 is made 
to correspond to that portion of each p ++ -type contact 
layer 4A, at which the concentration profile of the 
layer 4A assumes a peak value. Accordingly, the 
contact resistance of the electrode contact section is 
further reduced. 

Thus, the electrode contact section of the IGBT 
according to the invention enables the simultaneous 
realization of a sufficient reduction of the contact 
resistance and reduction of the carrier injection 
coefficient . 

Although in the above-described example, the 
semiconductor substrate 1 is of the n-type and the 
emitter layers 2A and the contact layers 4A are of the 
p-type, the same advantage can be obtained by making 
the semiconductor substrate 1 be of the p-type and the 
emitter layers 2A and the contact layers 4A be of the 
n-type . 

A method for manufacturing the IGBT shown in 
FIG. 9 will be described. 

First, an n-type semiconductor substrate (e.g. a 
silicon substrate) 1 having, for example, an impurity 
concentration of approx. 1.5 x 10^-^ ions/cm^ is 
prepared. A p-type base layer 7, an n+-type emitter 



layer 8, an insulating film 9, a gate electrode 10 and 
an emitter electrode 11 are formed on one surface of 
the semiconductor substrate 1. 

Subsequently, a p-type impurity such as boron (B) 
is implanted into the other surface of the 
semiconductor substrate 1 by ion implantation. At this 
time, the acceleration voltage and the dose, as 
implantation conditions, are set at, for example, 
approx. 60 keV and approx. 1 X 10^3 ions/cm^, 
respectively. Thereafter, the resultant structure is 
subjected to a thermal diffusion process executed in 
the atmosphere of nitrogen of approx. 1050°C for approx. 
20 min. As a result, p + -type emitter layers 2A having 
a depth of approx. 0.8 iim from the other surface of the 
semiconductor substrate 1 are formed. 

Thereafter, a p-type impurity such as boron (B) is 
implanted into the p + -type emitter layers 2A in the 
other surface of the semiconductor substrate 1 by ion 
implantation. At this time, the acceleration voltage 
and the dose, as implantation conditions, are set 
at, for example, approx. 10 keV and approx. 
1 x 10l4 ions/cm^, respectively. Then, the resultant 
structure is subjected to a thermal diffusion process 
executed in the atmosphere of nitrogen of approx. 800t 
for approx. 30 min. As a result, p ++ -type contact 
layers 4A having a depth of approx. 0.16 jum from the 
other surface of the semiconductor substrate 1 are 



formed. 

The p ++ -type contact layers 4A must be formed very 
shallow, and must have a very high impurity 
concentration. To this end, the acceleration voltage 
is set low, the dose is set high, and the period for 
executing the thermal diffusion process is set short, 
as is described above. 

Boron fluoride (BF2 ) , for example, may be used as 
the p-type impurity, instead of boron (B) (i.e. the 
element is changed from a light one to a heavy one) , 
and implanted into the p + -type emitter layers 2A in the 
semiconductor substrate 1, thereby forming p ++ -type 
contact layers 4A. 

Subsequently, a thermal oxide film formed on a 
surface portion of the other surface of the 
semiconductor substrate 1, i.e. on a surface portion of 
the p ++ -type contact layers 4A, is removed using 
antimony fluoride. After that, an insulating film 6 is 
formed on the other surface side of the semiconductor 
substrate 1 by, for example, CVD. The insulating film 
6 is patterned by PEP or RIE, thereby forming contact 
holes that extend to the respective p ++ -type contact 
layers 4A. Then, a collector electrode 3 extending to 
the p ++ -type contact layers 4A is formed by sputtering 
or CVD. 

Thereafter, the resultant structure is subjected 
to a heat treatment executed for approx. 30 min. in the 



atmosphere of nitrogen of approx. 450^, thereby 
diffusing the atoms (e.g. aluminum atoms) of the 
collector electrode 3 into the semiconductor substrate 
1, i.e. into the p +_, ~-type contact layers 4A, so as to 
form a silicide layer 5. The thickness of the silicide 
layer 5 (the depth from the surface of the 
semiconductor substrate 1) is made substantially equal 
to that thickness of each p + -type contact layer 4A from 
the other surface of the semiconductor substrate 1, at 
which the concentration profile of each layer 4A 
assumes a peak value. 

For example, when the concentration profile of 
each layer 4A assumes the peak value at a depth of 
approx. 0.04 jira from the surface of the semiconductor 
substrate 1, the silicide layer 5 is made to have a 
thickness of approx. 0.04 juni. 

As a result, the contact resistance between the 
collector electrode 3 and the p ++ -type contact layers 4 
is reduced. 

The collector electrode 3 may be formed after 
forming the silicide layer 5. 

Thus, the IGBT according to the invention is 
completed . 

FIG. 11 shows an IGBT as a fifth example of the 
invention . 

This example relates to a so-called collector- 
short-circuited (or anode-short-circuited) IGBT (a 
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reference example) as shown in FIG. 10, to which the 
above-described first electrode contact section is 
applied . 

A p-type base layer 7 is formed on one surface of 
5 an n-type semiconductor substrate (n-type base layer) 1, 

and an n + -type emitter layer 8 is formed in the p-type 
base layer 7. In a surface area of the one surface of 
the semiconductor substrate 1, a gate electrode 10 is 
formed on the p-type base layer (channel section) 7 
i'O 10 between the n-type base layer 1 and the n+-type emitter 

LJ layer 8, with an insulating layer 9 interposed 

m 

\\ft therebetween. Further, an emitter electrode 11 is 

formed on the p-type base layer 7 and the n + -type 
s f\ emitter layer 8 . 

s j 15 A plurality of p+-type emitter layers 2B and a 

[1 plurality of n+-type base layers 12 are formed on the 

other surface of the semiconductor substrate 1. Each 
p + -type emitter layer 2B contains a p-type impurity 
such as boron (B) . The depth of each p + -type emitter 
20 layer 2B from the other surface of the semiconductor 

substrate 1 is set at 1.0 jum or less, for example, 
approx. 0.8 //m. Further, the peak value of the 
concentration profile of each p + -type emitter layer 2B 
is set at a value falling within the range of 10 17 - 
25 10 18 ions/cm 3 . 

A p ++ -type contact layer 4B is formed in each 
p+-type emitter layer 2B, and a collector electrode 3 



is formed on the resultant p -type contact layers 4B. 
Further, the p ++ -type contact layers 4B are interposed 
between the respective p + -type emitter layers 2B and 
the collector electrode 3, and have a higher impurity 
concentration than the p + -type emitter layers 2B. 

For example, each p ++ -type contact layer 4B 
contains a p-type impurity such as boron (B) or boron 
fluoride (BF2)/ etc., and has an impurity concentration 
peak value of 10 iy ions/cm^ or more and a surface 
impurity concentration of lO^-S ions/cm^ or more. The 
depth of each p ++ -type contact layer 4B from the other 
surface of the semiconductor substrate 1 is set at 
0.2 /zm or less, for example, approx. 0.16 jum. The 
collector electrode 3 is formed of, for example, 
aluminum. 

In the electrode contact structure described above, 
the p + -type emitter layers 2B have a low impurity 
concentration, and a sufficiently shallow depth of 
1.0 fim or less from the other surface of the 
semiconductor substrate 1. Accordingly, the carrier 
(positive hole) injection coefficient when turning off 
the IGBT can be reduced, thereby increasing the speed 
of the turn-off operation. 

In addition, since the p"*" + -type contact layers 4B, 
which have a higher impurity concentration than the 
p + -type emitter layers 2B and are provided between the 
respective p + -type emitter layers 2B and the collector 
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electrode 3, are set to have a depth of 0.2 /zm or less 

from the other surface of the semiconductor substrate 1, 

they do not influence the carrier injection coefficient 

at the time of turning off the IGBT. In other words, 

5 the p ++ -type contact layers 4B do not increase the 

carrier injection coefficient. 

Further, since the p ++ -type contact layers 4B have 

a sufficiently high impurity concentration, the contact 

1*3 resistance of the electrode contact section is reduced. 

■ n 

£3 10 Thus, the electrode contact section of the IGBT 

1'4 according to the invention enables the simultaneous 

cr» 

£H realization of a sufficient reduction of the contact 

!«£ 

si resistance and reduction of the carrier injection 

h3 

j ff f| coefficient. 

;s j 15 Although in the above-described example, the 

semiconductor substrate 1 is of the n-type and the 
emitter layers 2B and the contact layers 4B are of the 
p-type, the same advantage can be obtained by making 
the semiconductor substrate 1 be of the p-type and the 
20 emitter layers 2B and the contact layers 4B be of the 

n-type . 

A method for manufacturing the IGBT shown in 
FIG. 11 will be described. 

First, an n-type semiconductor substrate (e.g. a 
25 silicon substrate) 1 having, for example, an impurity 

concentration of approx . 1.5 X lO^- 4 ions/cm^ is 
prepared. A p-type base layer 7, an n+-type emitter 
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layer 8, an insulating film 9, a gate electrode 10 and 
an emitter electrode 11 are formed on one surface of 
the semiconductor substrate 1. 

Subsequently, an n-type impurity such as phosphor 
(P) ~T^3?fi anl ante d into the other surface of the 
semiconductor substrate *S*bALion implantation, and 
subjected to a thermal diffusion treS^a^nt, thereby 
forming an n + -type base layer 12 in a surfacep^tion 



■!j of the other surface of the semiconductor substrate 1. 



\[Q 10 Then, a p-type impurity such as boron (B) is 

1.1 ' 

i s J implanted into the other surface of the semiconductor 

m 

Cfl substrate 1 by ion implantation. At this time, the 

i _ 

;; acceleration voltage and the dose, as implantation 

□ 

conditions, are set at, for example, approx. 60 keV and 



15 approx. 1 x 10^3 ions/cm^, respectively. Thereafter, 

the resultant structure is subjected to a thermal 
diffusion process executed in the atmosphere of 
nitrogen of approx. lOSO'C for approx. 20 min. As a 
result, p + -type emitter layers 2B having a depth of 

20 approx. 0.8 jum from the other surface of the 

semiconductor substrate 1 are formed. 

Thereafter, a p-type impurity such as boron (B) is 
implanted into the p +_ type emitter layers 2B in the 
other surface of the semiconductor substrate 1 by ion 

25 implantation. At this time, the acceleration voltage 

and the dose, as implantation conditions, are set 
at, for example, approx. 10 keV and approx. 



1 x ions/cm 2 , respectively. Then, the resultant 

structure is subjected to a thermal diffusion process 
executed in the atmosphere of nitrogen of approx. 800°C 
for approx. 30 min. As a result, p ++ -type contact 
layers 4B having a depth of approx. 0.16 /zm from the 
other surface of the semiconductor substrate 1 are 
formed . 

The p ++ -type contact layers 4B must be formed very 
shallow, and must have a very high impurity 
concentration. To this end, the acceleration voltage 
is set low, the dose is set high, and the period for 
executing the thermal diffusion process is set short, 
as is described above. 

Boron fluoride (BF2) , for example, may be used as 
the p-type impurity, instead of boron (B) (i.e. the 
element is changed from a light one to a heavy one) , 
and implanted into the p + -type emitter layers 2B in the 
semiconductor substrate 1, thereby forming p +H ~-type 
contact layers 4B. 

Subsequently, a thermal oxide film formed on a 
surface portion of the other surface of the 
semiconductor substrate 1, i.e. on a surface portion of 
the p ++ -type contact layers 4B, is removed using 
antimony fluoride. Then, a collector electrode 3 
extending to the p+^-type contact layers 4B and the 
n + -type base layers 12 is formed by sputtering or CVD. 

Thereafter, the resultant structure is subjected 
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to a heat treatment executed for approx . 30 min. in the 
atmosphere of nitrogen of approx. 450^, thereby 
diffusing the atoms (e.g. aluminum atoms) of the 
collector electrode 3 into the semiconductor substrate 
5 1, i.e. into the p ++ -type contact layers 4B and the 

n + -type base layers 12, so as to reduce the contact 
resistance between the collector electrode 3 and the 
p ++ -type contact layers 4B, and that between the 
! =3 collector electrode 3 and the n + -type base layers 12. 

'■0 10 Thus, the IGBT according to the invention is 

Lfl 

W completed. 

m 

CO FIG. 12 shows an IGBT as a sixth example of the 

» invention. 

i F fl This example relates to a so-called collector- 

;»S 15 short-circuited (or anode-short-circuited) IGBT (a 

□ 

.U reference example) as shown in FIG. 10, to which the 

above-described second electrode contact section is 
applied . 

A p-type base layer 7 is formed on one surface of 
20 an n-type semiconductor substrate (n-type base layer) 1, 

and an n + -type emitter layer 8 is formed in the p-type 
base layer 7. In a surface area of the one surface of 
the semiconductor substrate 1, a gate electrode 10 is 
formed on the p-type base layer (channel section) 7 
25 between the n-type base layer 1 and the n + -type emitter 

layer 8, with an insulating layer 9 interposed 
therebetween. Further, an emitter electrode 11 is 
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formed on the p-type base layer 7 and the n + -type 
emitter layer 8 . 

A plurality of p + -type emitter layers 2B and a 
plurality of n + -type base layers 12 are formed on the 
other surface of the semiconductor substrate 1. Each 
p + -type emitter layer 2B contains a p-type impurity 
such as boron (B) . The depth of each p + -type emitter 
layer 2B from the other surface of the semiconductor 
substrate 1 is set at 1.0 jum or less, for example, 



8 ^ 10 approx. 0.8 jum. Further, the peak value of the 

J;^ concentration profile of each p^-type emitter layer 2B 

cri 



is set at a value falling within the range of lO^ - 
10^*8 ions/cm^. 



;I3 

! *n A p +_, ~-type contact layer 4B is formed in each 

(■* 

«5 15 p + -type emitter layer 2B, and a collector electrode 3 

!■* is formed on the resultant p ++ -type contact layers 4B. 

Further, the p ++ -type contact layers 4B are interposed 
between the respective p + -type emitter layers 2B and 
the collector electrode 3, and have a higher impurity 
20 concentration than the p + -type emitter layers 2B. 

For example, each p ++ -type contact layer 4B 
contains a p-type impurity such as boron (B) or boron 
fluoride (BF2) / etc., and has an impurity concentration 
peak value of 10^^ ions/cm^ or more and a surface 
25 impurity concentration of lO^ ions/cm^ or more. The 

depth of each p ++ -type contact layer 4B from the other 
surface of the semiconductor substrate 1 is set at 



0.2 p,m or less, for example, approx. 0.16 /an. The 
collector electrode 3 is formed of, for example, 
aluminum. 

Further, in this example, a silicide layer 5 is 
provided between the collector electrode 3 and each 
p + -type contact layer 4B and the collector electrode 
and each n + -type base layer 12. The silicide layer 5 
is formed by, for example, a thermal treatment in which 
atoms (e.g. aluminum atoms) constituting the electrode 
3 react with atoms (silicon atoms) constituting the 
semiconductor substrate 1. 

The depth of the silicide layer 5 from the other 
surface of the semiconductor substrate 1 is set equal 
to or shallower than the depth of each p + -type contact 
layer 4B from the other surface of the semiconductor 
substrate 1. In this example, since the depth .of each 
p + -type contact layer 4B from the other surface of the 
semiconductor substrate 1 is set at 0.2 fj,m or less, the 
depth of the silicide layer 5 from the surface of the 
semiconductor substrate 1 is also set at 0.2 jum or less. 

To minimize the contact resistance, it is 
necessary to make the position of the bottom of the 
silicide layer 5 correspond to that portion of each p + - 
type contact layer 4B, at which the concentration 
profile of each layer 4B assumes a peak value. In 
other words, the collector electrode 3 is electrically 
connected to the lowest resistance portion of each 



p + -type contact layer 4B (corresponding to a portion 
thereof at which the concentration profile assumes the 
peak value) via the silicide layer 5, thereby reducing 
the contact resistance. 

In the electrode contact structure described above, 
the p + -type emitter layers 2B have a low impurity 
concentration, and a sufficiently shallow depth of 
1.0 jum or less from the other surface of the 
semiconductor substrate 1. Accordingly, the carrier 
(positive hole) injection coefficient when turning off 
the IGBT can be reduced, thereby increasing, the speed 
of the turn-off operation. 

In addition, since the p ++ -type contact layers 4B, 
which have a higher impurity concentration than the p + - 
type emitter layers 2B and are provided between the 
respective p + -type emitter layers 2B and the collector 
electrode 3, are set to have a depth of 0.2 jum or less 
from the other surface of the semiconductor substrate 1 
they do not influence the carrier injection coefficient 
at the time of turning off the IGBT. In other words, 
the p ++ -type contact layers 4B do not increase the 
carrier injection coefficient. 

Further, the p ++ -type contact layers 4B have a 
sufficiently high impurity concentration, and the 
silicide layer 5 is provided between the collector 
electrode 3 and each p + -type contact layer 4B and 
between the collector electrode 3 and each n + -type base 



layer 12. The position of the bottom of the silicide 
layer 5 is made to correspond to that portion of each 
p + -type contact layer 4B, at which the concentration 
profile of each layer 4B assumes a peak value. 
Accordingly, the contact resistance of the electrode 
contact section is further reduced. 

Thus, the electrode contact section of the IGBT 
according to the invention enables the simultaneous 
realization of a sufficient reduction of the contact 
resistance and reduction of the carrier injection 
coefficient. 

Although in the above-described example, the 
semiconductor substrate 1 is of the n-type and the 
emitter layers 2B and the contact layers 4B are of the 
p-type, the same advantage can be obtained by making 
the semiconductor substrate 1 be of the p-type and the 
emitter layers 2B and the contact layers 4B be of the 
n-type . 

A method for manufacturing the IGBT shown in 
FIG. 12 will be described. 

First, an n-type semiconductor substrate (e.g. a 
silicon substrate) 1 having, for example, an impurity 
concentration of approx. 1.5 x 10^-^ ions/cm^ is 
prepared. A p-type base layer 7, an n+-type emitter 
layer 8, an insulating film 9, a gate electrode 10 and 
an emitter electrode 11 are formed on one surface of 
the semiconductor substrate 1. 
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v**,,,,^^ Subsequently, an n-type impurity such as phosphor 
(P) isirfip-ikajjted into the other surface of the 
^ semiconductor substra^P^J.^by ion implantation, and 

subjected to a thermal dif f usion^^tment , thereby 
5 forming an n + -type base layer 12 in a surfa^fe^ortion 

of the other surface of the semiconductor substrate 1. 

Then, a p-type impurity such as boron (B) is 
implanted into the other surface of the semiconductor 
C3 substrate 1 by ion implantation. At this time, the 

SO 10 acceleration voltage and the dose, as implantation 

l\j conditions, are set at, for example, approx. 60 keV and 

1,11 

Cfl approx. 1 x 10^3 ions/cm^, respectively. Thereafter, 

a the resultant structure is subjected to a thermal 

□ 

l s fl diffusion process executed in the atmosphere of 

" a g 15 nitrogen of approx. 1050°C for approx. 20 min. As a 

a 

result, p^-type emitter layers 2B having a depth of 



approx. 0.8 fxm from the other surface of the 
semiconductor substrate 1 are formed. 

Thereafter, a p-type impurity such as boron (B) is 

20 implanted into the p + -type emitter layers 2B in the 

other surface of the semiconductor substrate 1 by ion 
implantation. At this time, the acceleration voltage 
and the dose, as implantation conditions, are set 
at, for example, approx. 10 keV and approx. 

25 IX 10l4 ions/cm^, respectively. Then, the resultant 

structure is subjected to a thermal diffusion process 
executed in the atmosphere of nitrogen of approx. 800^ 
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for approx. 30 min. As a result, p ++ -type contact 
layers 4B having a depth of approx. 0.16 jam from the 
other surface of the semiconductor substrate 1 are 
formed . 

The p ++ -type contact layers 4B must be formed very 
shallow, and must have a very high impurity 
concentration. To this end, the acceleration voltage 
is set low, the dose is set high, and the period for 
executing the thermal diffusion process is set short, 
as is described above. 

Boron fluoride (BF2) , for example, may be used as 
the p-type impurity, instead of boron (B) (i.e. the 
element is changed from a light one to a heavy one) , 
and implanted into the p + -type emitter layers 2B in the 
semiconductor substrate 1, thereby forming p ++ -type 
contact layers 4B. 

Subsequently, a thermal oxide film formed on a 
surface portion of the other surface of the 
semiconductor substrate 1, i.e. on a surface portion of 
the p" l_+ -type contact layers 4B, is removed using 
antimony fluoride. Then, a collector electrode 3 
having a thickness of approx. 0.05 /zm is formed on the 
p ++ -type contact layers 4B and the n + -type base layers 
12 by sputtering or CVD. 

Thereafter, the resultant structure is subjected 
to a heat treatment executed for approx. 30 min. in the 
atmosphere of nitrogen of approx. 450°C, thereby 
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diffusing the atoms (e.g. aluminum atoms) of the 
collector electrode 3 into the semiconductor substrate 
1, i.e. into the p ++ -type contact layers 4B and the n + - 
type base layers 12, so as to form a silicide layer 5. 
The thickness of the silicide layer 5 (the depth from 
the other surface of the semiconductor substrate 1) is 
made substantially equal to that thickness of each p ++ - 
type contact layer 4B from the other surface of the 
semiconductor substrate 1, at which the concentration 
profile of each layer 4B assumes a peak value. 

For example, when the concentration profile of 
each layer 4B assumes the peak value at a depth of 
approx. 0.04 //m from the other surface of the 
semiconductor substrate 1, the silicide layer 5 is made 
to have a thickness of approx. 0.04 /zm. 

As a result, the contact resistance between the 
collector electrode 3 and each p + -type emitter layer 2B 
in the electrode contact section and between the 
collector electrode 3 and each n + -type base layer 12 is 
reduced. 

The collector electrode 3 may be formed after 
forming the silicide layer 5. 

Thus, the IGBT according to the invention is 
completed. 

[D] Advantage 

As described above, in the present invention, the 
peak value of the concentration profile of the p-type 
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impurity layer (the p + -type emitter layer) is set at a 
value falling within the range of 1()17 - 10^-8 ions/cm^. 
Further, the depth of the p-type impurity layer from 
the surface of the semiconductor substrate is set at a 
sufficient low value of 1.0 /zm or less. Accordingly, 
the carrier injection coefficient when turning off the 
IGBT can be reduced, thereby increasing the speed of 
the turn-off operation. 

Moreover, a p + -type contact layer having a higher 
impurity concentration than the p-type impurity layer 
(the p + -type emitter layer) is provided between the p- 
type impurity layer and the electrode 3. Since the 
depth of the p + -type contact layer from the surface of 
the semiconductor substrate is set at 0.2 /im or less, 
the p + -type contact layer does not influence the 
carrier injection coefficient at the time of turning 
off the semiconductor device. Further, since the peak 
value of the concentration profile of the p + -type 
contact layer is set at approx. 10^-9 ions/cm^, the 
contact resistance of the electrode contact section is 
reduced. 

In addition, the p + -type contact layer has a 
sufficiently high impurity concentration, and a 
silicide layer is provided between the electrode and 
the p + -type contact layer. The position of the bottom 
of the silicide layer is made to correspond to that 
portion of the p + -type contact layer, at which the 



concentration profile of the contact layer assumes a 
peak value. Accordingly, the contact resistance of the 
electrode contact section is further reduced. 

Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, 
the invention in its broader aspects is not limited to 
the specific details and representative embodiments 
shown and described herein. Accordingly, various 
modifications may be made without departing from the 
spirit or scope of the general inventive concept as 
defined by the appended claims and their equivalents. 



